A phosphate mine area is identified in steep terrain to the mountain and deep river valley with broken rock zone and accompanied by large fracture; the in-situ stress field is very complex. In order to prevent the underground goaf instability, surface mountain collapse and riverbed fracture caused by mining activities, how to accurate analysis the in-situ stress distribution is great significance. In allusion to the back analysis of in-situ stress under complicated geological conditions, we put forward the multiple regression analysis of functions superposition that superposed many typical functions by using multiple linear regression method, it could achieve a better fit between the inversion value and the measured value, and avoided the problem of poor fitting and deviation of the single type function regression, the regression data is high relevance with the measured value and closer to the engineering practice. Based on 3Dmine-MIDAS-FLAC3D software, we established the numerical calculation model of whole mine under complex geological conditions, and performed the nonlinearly boundary stress changed with depth through stress loading procedure with the multiple function regression equation by use the fish language. Through analysis of the results of numerical simulation, the results show that the method used for calculating the initial stress field is reasonable and reliable. Besides, the methods have an important significance in engineering application and can provide a new train of thought for other regression analysis.
Introduction
The initial in-situ stress is one of the important factors that influence the stress and displacement distribution of surrounding rock and failure pattern in underground engineering, which is the basic foundation to determine rock mechanical properties, analyse stability of surrounding rock and design of rock mass engineering [1] . In-situ stress is an unstable stress field with relative stability that influenced by so many factors such as topography and geological structure, rock mass structure, groundwater, buried depth and so on, its distribution shows randomness and complexity in space [2] [3] [4] [5] , and how to accurately reflect the in-situ stress is always a difficult problem in underground engineering [6] .
The causes of in-situ stress field are very complex; it is difficult to use a single function to express. In addition to the associated with regional geological structure factor, the formation causes are related to the earth's various dynamic movement process, such as plate boundary pressure, earth's mantle thermal convection, stress of the interior of the earth, earth gravity and rotation, magma intrusion, earth's crust inhomogeneous expansion and so on [7] [8] [9] [10] . Many scholars have found that the lithology and rock strength are also important factors affecting the distribution of in-situ stress, for example, the distribution laws are all difference among igneous, sedimentary, and metamorphic [11] [12] . And furthermore, in-situ stress distribution shows different variation patterns with buried depth [13] . In addition, there is a close relationship between the stress distribution and geological structure, some stress information can be determined according to the fracture structure [14] [15] [16] , such as the relationship between the fault and the principal stress axis, the stress change relationship before and after the fault, etc.
The traditional method for estimating the in-situ stress mainly include gravity stress method, Heim's content, lateral stress calculation method, but these three methods all have some limitations. With the improvement of insitu stress measurement technology and the development of precision testing instruments, the measured in-situ stress become the most direct the most effective way at present, and a large number of engineering practices have been proven effective. But the measured work has some shortcomings, on the one hand, it is need to decorate a large number of measuring point due to the point of discrete data and error, which not only needs a lot of manpower and material resources, but also takes a much longer period of time, and is limited by economy and duration.
These methods can be divided into two categories, one is the forward method, it mainly includes the boundary load adjustment method (displacement), stress (displacement) function method, by adjusting the boundary load or displacement, and the constructor, calculated and measured values are the same, with blindness and limitation of the other. The other is inversion method; it mainly includes multiple linear regression [17] [18] , least squares method, displacement back analysis, neural network, grey theory, fuzzy theory, genetic algorithm and so on. The inversion method makes the calculated values fit well with the measured values, the precision is high but not linear regression, with stress reaction the depth variation of [19] .
In order to meet the needs of engineering, domestic and foreign scholars select the representative measured data of in-situ stress combined with the geological characteristics to calculate in-situ stress field by use of various numerical method. These methods can be divided into two categories, one is forward modelling method, and another is retrieval method. The former mainly given priority to boundary load (displacement) adjustment method, stress (displacement) function method, which makes the calculated value equal to the measured value through the constructor by adjusting the boundary load or displacement, which has a certain blindness and limitations. The latter mainly include Multiple linear regression, Partial least squares method, Displacement reverse-analysis, Neural network, Grey theory, Genetic algorithm, Fuzzy theory, Particle swarm optimization and so on [17] [18] . These inversion methods can make the calculated values and the measured values fit well, and the accuracy is higher than the linear regression, but cannot reflect the change of in-situ stress with buried depth [19] .
On the basis of previous studies, this paper puts forward a kind of function superposition of multiple regression analysis method that superposed many typical functions by using multiple linear regression method, it can achieve better fitting between inversion values and the measured values, and can reflects the change rule of in-situ stress with buried depth, the inversion data is more closer to the engineering practice, and can provide a new way for other regression analysis.
Function Superposition of Multiple Regression Principle

Regression Function Model
Regression function is an expression with good relevance between the dependent variable and independent variable through mathematical processing of a large number of statistical data. According to the number of the dependent variable and independent variables, it can be divided into single and multiple regression analysis, and commonly fall into two broad categories: linear and nonlinear regression function type. Nonlinear regression analysis types such as exponential, logarithm, polynomial, power, moving average types and so on. Besides, there are double-log model, semi logarithmic model, reciprocal model, etc.
In the complex rules of data statistics, data are mostly random; it is often difficult to use a single type of regression function to describe the relationships between the dependent and independent variables. So we take the single function model as an independent variable, and use multiple regression method to determine the regression equation with high correlation.
Establishment of Multiple Regression Equation
We regarded the multiple regression function types as undetermined and first assumed that the species and distribution of regression function form, built a multiple linear regression equation of regression function, and then obtained the undetermined coefficients of each regression function by minimizing the residual sum of squares through regression compute.
According to the thought of multiple linear regressions, calculated value was computed respectively under the action of the separate regression function, and the regression equation between regression values with all sorts of regression function is established as follows:
Where σ k is regression matrix calculation, σ k i is i type function model of matrix calculation, k is the number of measuring point, and L i is multivariate regression coefficient, n is number of function model.
The deviation degree of measured value and the regression equation is represented by the residual sum of squares between measured σ k * and calculated σ k , that is Q=(σ k * -σ k )². In order to minimize the Q, the partial derivative of L i is made equal to zero, the following conditions are satisfied:
The equation after rearranging is:
T , so the arbitrary k can be calculated according to the superposition of multiple function Eq. (1).
Correlative Inspection of Regression Equation
In order to inspect correlation between the dependent variable and independent variable of the multiple regression equation, σ k i is viewed as the independent variables, and σ k is viewed as the dependent variable. If there are m points, the residual sum of squares:
Multiple correlation coefficient:
For the sake of convenient express, R 2 is called as decision coefficient that expresses the relative index of fitting degree between regression curve and sample. When the R 2 is close to one, it shows that the regression equation has extremely good fitting degree. Otherwise, the more smaller R 2 , the worse fitting degree of regression equation. When point sample m have more 5 ~ 10 times greater than n, the multiple correlation coefficient R 2 is effectivity, when m = n,
Take the significance level as α=0.05, if F (n, m-n-1) > F α , the result indicates that the significant effect of n variables is better.
Analyses of In-Situ Stress Distribution and Measured Data
In-Situ Stress Distribution Law
At present, a great deal of in-situ stress data have been accumulated in China, many scholars have used the regression analysis method to study the stress distribution law. JingFeng et al. [11, 20] have set up the scatter distribution of in-situ stress with depth in China by collecting typical measured data, and the distribution of in-situ stress in different lithology has been revealed based on the statistical analysis the three kinds of lithology.
Due to the fact that the measured data of in-situ are discrete and heterogeneous, the stress distribution law is often inconsistent in the shallow and deep. In addition, some regional geology, topography and other conditions are different, the distribution law of in-situ stress in a particular region does not always maintain a linear relationship. So it is necessary to do the corresponding research according to specific factors such as geographical location, buried depth, landform, geological structure and rock conditions. E.M. Anderson analyzed the relation of stress state and fault, which were widely accepted. In the three dimensional in-situ stress rock mass, given that σ 1 is the maximum principal stress, σ 2 is the intermediate principal stress, σ 2 is the minimum principal stress. When normal fault occurs, σ 1 is upright, σ 2 and σ 3 are horizontal, and σ 2 is in the same direction with the fault strike, when thrust fault occurs, σ 1 and σ 2 are horizontal, σ 3 is upright, and σ 2 is in the same direction with the fault strike, when blatt flaws occurs, σ 2 is upright, σ 1 and σ 3 are horizontal, and σ 1 is in the same direction with the fault strike.
Analysis of In-Situ Stress Measured Data
A phosphate mine area is identified in complex terrain with steep mountains, deep valleys, steep cliffs on both sides of the valley along the mountain clouds. The overall slope of the terrain is greater than 40 degrees, the highest elevation is 860~1200m. The ore body is medium thick, and it is a gently inclined layered output. The underground project is located at the 710m level that is apart from the nearest surface (river) about 150m. In order to ensure the safety and reasonable layout of the project, to prevent the collapse of the surface and the riverbed caused by mining activities, it is necessary to study the distribution of in-situ stress.
The measured in-situ data in this paper are mainly the maximum horizontal principal stress and the minimum horizontal principal stress [21] . Because the maximum or minimum horizontal principal stress is a vector, it is necessary to carry out the direction normalization processing in order to regressive analysis the measured data of in-situ stress, that is to convert the value and direction of principal stress as 3 stress components on the horizontal plane for analysis (2 normal stress components and 1 shear stress component). Figure 1 shows the stress relation between coordinate systems of oxy and ox'y'. . According to the formula of stress on the inclined section, the relationship between the stress before and after the coordinate transformation can be obtained as follows Eq.(9), the measured and converted stress values are shown in Table 1 and Table 2 . 
Application of Multiple Regression Function
Linear, exponential, logarithmic and polynomial functions are used to make regression analysis of the measured in-situ stress as shown in Figure 2 . Due to the discreteness of measured in-situ stress data, the function type of the curve in the correlation degree and trends are all different, the correlation degree of regression function from large to small are respectively multinomial, linear, logarithmic, and exponential. The depth values in Table 1 Where σ x ,σ y ,τ xy are respectively represented the maximum horizontal principal stress, the minimum horizontal principal stress and the horizontal shear stress, the distribution trend with depth is shown in Figure 3 . By using the multiple regression method, the correlation degree of regression equation was increased obviously, which indicated that the curve fitting degree was improved, and the fitting regression value was more close to the engineering practice. 
Back analysis of 3D stress field
Build a Numerical Simulation Model
Through coupling the three softwares of 3Dmine, MIDAS and FLAC3D, the advantages of three types of software were fully utilized to realize the modeling and numerical simulation under complex terrain conditions. The flow chart of model building is shown in Figure 4 . In this paper, we imported the CAD file of the topographic map into the 3Dmine software, and then assign the contour lines one by one, so that it can be transformed from the two-dimensional plane to the actual three-dimensional elevation, as shown in Figure 5 . The MIDAS software can be used to establish numerical models for complex terrain that is described as follows: Firstly, the TGS format surface was generated by using the MIDAS embedded tool. Secondly, the 3D solid model of the mining area was established on the basis of the surface. Thirdly, the 3D network model had been formed through dividing the grid model for different material model. See Figure 6 below. To choose the direction of geographical east-west as the X direction, the vertical direction as the Z direction. The model size is 800m (length) × 800m (width) × 460~830m (height), and has a total of 22942 units and 4816 nodes. In order to reflect the state of the fault zone in the actual engineering, the fault is considered as a interface, and the interface strength is weakened by 1/2 within 2 meters on both sides.
Boundary Conditions of Calculation Model
3D stress field is mainly composed of gravity stress field and tectonic stress field, for gravity field, it can be simulated by applying gravity to model, but for tectonic stress, because its direction and distribution are uneven, it can be simulated by adding two normal stresses and one shear stress on the boundary surface, which is to apply normal stress σ x , σ y , shear stress τ xy to the boundary. The stress boundary condition is that the top surface is free from the constraint of the displacement, and the rest of the surface is subjected to an additional constraint. In the X and Y direction of the model, we respectively applied varying load with depth, the stress boundary condition model shown in Figure 7 . For the load varies with depth is nonlinear, see the Eq.(10), it is required to program stress boundary by using Fish language to define the node variable function, so that the nonlinear stress is applied to the boundary node through the loop statement of Fish language. Figure 7 . Stress Boundary Condition model.
Rock Mechanics Test
The rock mechanics test was carried out with representative rock samples, so as to the parameter values of uniaxial compressive strength, bulk modulus and tensile strength were measured, the test samples and results are shown in Figure 8 and Figure 9 . By taking into account the geological conditions of specific engineering, the mechanical parameters of rock mass were calculated by Hoek-Brown method, and the mechanical parameters used in numerical simulation are shown in Table 3 . 
Simulation Results of Stress Field in Mining Area
The regression values of the in-situ stress in the mining area are calculated by using the function superposition of multiple regression, and the results are compared with the measured value and the numerical value, as shown in Table 4 and Table 5 . For the horizontal shear stress is relatively small compared with the horizontal normal stress, only the results of normal stress are analyzed in this paper. The correlation coefficient between the regression value and the measured value of σ x ,σ y are respectively 0.86 and 0.69. Figure 10 is the distribution map of in-situ stress, through the analysis and comparison of the measured stress values, the results show that the numerical simulation results are basically consistent with the regression values after by using the function superposition method. It is shown that the initial stress field obtained by superposition of multiple functions is reasonable and reliable. Figure 10 . Distribution of in-situ stress in the section. Fig.11 shows the overall stress distribution in the mining area, the vertical stress is mainly caused by the dead weight of rock mass. Due to the influence of terrain height difference, the vertical stress distribution is consistent with the trend of surface height difference. Because the stress release of interrupt layer after the rock mass was ruptured, the 3D stress near fault zone is smaller than the other zone at same horizontal level, and the changes of stress value are gradually slowing down with the increase of the distance from the fault plane, especially in this respect of vertical stress and horizontal stress in the Y direction. For the X direction is approximately perpendicular to the fault, so stress release in the X direction is not obvious. Furthermore, the variation range and scope of horizontal stress in the X direction are all small in the fault zone. 
Conclusions
(1) In allusion to the back analysis of in-situ stress under complicated geological conditions, the multiple regression analysis of functions superposition is put forward that superposes many typical functions by using multiple linear regression method, which avoids the problem of poor fit and high deviation in regression analysis of single type function, the regression data is closer to the engineering practice. Through the results of numerical simulation analysis of the in-situ stress, it is validated that the initial in-site stress field calculated by superposition of multiple functions is reasonable and reliable.
(2) The distribution laws of in-site stress in the mining area are: Vertical in-situ stress is approximately equal to the geostatic stress of rock mass, horizontal in-situ stress in the X direction is basically identical in the shallow and deep, which is approximate linear distribution. Distribution laws of both horizontal normal stress in the Y direction and horizontal shear stress are different in shallow and deep, these distribution laws are all nonlinear.
(3) For the problems of FLAC3D that modeling is very complex which needs huge work and long cycle and the accuracy is not high when the mining area modeling is in complex terrain with fault structure, So 3Dmine-MIDAS-FLAC3D software coupling was adopted to establish the whole mine model. The boundary stress that nonlinearly changed with depth was performed through stress loading procedure of the multiple functions equation by use the Fish language, which avoids the big error caused by loading procedure of the traditional single linear equation.
(4) By analyzing the different forms of fault, it can be qualitatively determine the three principal stress states. The simulation results show that the stress near the fault zone is small but with large variation range due to the stress release effect. With increasing distance from the fault plane, the stress amplitude gradually slow.
